The polyoma ts-a function was investigated by using an in vitro DNA-synthesizing system. A comparison of systems derived from ts25 (a ts-a group mutant)-and ts1260 (a late group mutant)-infected cells showed that the activation energies for DNA chain elongation and the mechanisms of discontinous growth were identical for both mutants.
appears to be necessary for initiation of each new round of viral DNA replication (3) . Such conclusions are inferred from the negative evidence that the overall rates of processing of mutant replicative DNA to mature viral DNA are similar to that of wild-type replicative DNA. Minor differences in the detailed mechanism of chain growth would not have been detected by these in vivo studies. We have therefore used an in vitro DNA-synthesizing system from polyoma-infected BALB/3T3 cells (6) to examine possible differences between ts25 (ts-a class) and ts1260 (a late mutant which makes normal amounts of viral DNA at the nonpermissive temperature). Since viral DNA synthesis in this system occurs predominantly on pre-existing replicative intermediates (6) , the results reported here bear on the steps involved in chain elongation during one single round of DNA replication. Figure 1 shows the time course of incorpora- The majority of the replication cycle of polyoma DNA is probably carried out by cellular functions, with a virus-specific event required only for the initiation step (3, 8) . For this reason, one would expect the temperature dependence of DNA chain elongation to be the same in ts25-and ts1260-infected cell lysates. We have confirmed this in two ways. First, from the initial rates of DNA synthesis in ts25-and ts1260-infected cell lysates at four temperatures, we determined the activation energy of both viral and cellular DNA synthesis ( Table  1 ). The activation energies for viral DNA synthesis with both ts25 and ts1260 and for cellular DNA synthesis in both cases were all very similar. This result implies that the ts-a muta- while the other half were left at 32 C (32 ). Lysates were prepared as described (6) Fig. 1 ) that had been incubated at 32 C for 60 min were subjected to neutral sucrose gradient sedimentation (6) (6) . The complete shut-off of viral DNA synthesis in ts25-infected cells takes 30 to 60 min at 39 C (3), so that the failure to observe the shut-off in vitro is attributable not only to the lack of initiation, but also to the inability of the lysate to maintain viral DNA synthesis for an extended period. The time required to inactivate the ts-a function at 39 C is not known, and therefore it cannot be excluded that during in vitro incubation at 39 C an active gene product was present. Yet the failure to detect differences 30-s pulse, 30-min chase . 6 71 22
a Lysate (0.3 ml) from ts25-infected cells maintained at 32 C was pulse labeled with [a-"P]dCTP (200 ,uCi/ml) for 1 min at 2 min after the start of the incubation at 32 C. A 0.1-ml sample was withdrawn at the end of the pulse, and the remaining 0.2 ml was made 300 jM in unlabeled dCTP. Two more 0.1-ml samples were taken after incubation for 10 and 60 min at 32 C. In a parallel experiment at 39 C, the duration of the pulse and chase intervals were all decreased by half. Viral DNA was prepared from all samples and analyzed by alkaline sucrose gradient sedimentation (6) . The percentage of the radioactivity sedimenting as long (5 to 16S) and short (5S) DNA chains was estimated by summing the appropriate areas. The percentage of the radioactivity found as form I viral DNA was estimated from separate alkaline sucrose gradients centrifuged for a shorter time.
in the activation energy and the pattem of discontinuous synthesis at 39 C extends the negative evidence of the in vivo results (3, 8) to the detailed mechanism of chain elongation.
Attempts to inactivate the ts-a gene product by preincubation of the ts25-infected cell lysates at 39 C in the absence of DNA synthesis (e.g., in the presence of l--D-arabinofuranosyl cytidine triphosphate or EDTA) followed by reversal of the block have failed because of the extreme sensitivity of the system to preincubation in the absence of DNA synthesis (6).
Lysates from ts25-infected cells shifted to 39 C 243 for 2 h did not spontaneously recover and synthesize viral DNA when incubated at 32 C in vitro. However, because the recovery of measurable viral DNA synthesis for this mutant takes at least 4 h in vivo (T. Hunter and B. Francke, unpublished observations), this is not a surprising result. Since the shut-off state is relatively stable in vitro, we have attempted to complement such lysates with extracts from ts1260-infected cells without success. We attribute this failure to the deficiency of initiation in the in vitro system.
Since the majority of viral DNA synthesis observed in vitro represents completion and maturation of pre-existing replicative intermediates, our results show that, for the first cycle of viral DNA synthesis after exposure to the nonpermissive temperature in vitro, there is no detectable impairment in the processes involved in DNA chain elongation and viral DNA maturation. At present, we are trying to obtain an in vitro system which will initiate new rounds of viral DNA synthesis in order to further our studies of the ts-a gene function.
